Cementit© and iron percarbide are conveniently prepared by the methods described in the previous paper (part II).
Introduction
Previous workers have shown, mainly by the action of carbon monoxide on iron and iron oxides a t low temperatures, th at cementite is not the only carbide of iron.
Hofmann (1^28) noticed reflexions, which he attributed to 'X-carbide', on X-ray powder photographs of products obtained by passing carbon monoxide over iron a t 400° C, but it was pointed out (Tutiya 1929) th at these unidentified lines were due to iron oxides. Fischer & Bahr (1929) ascribed the formula Fe3C4 to a product obtained by reaction of carbon monoxide with ferric oxide a t 270° C for 1 week, while Gluud, Otto & R itter (1929) stated th a t under similar conditions the product was Fe2C and carbon. The same reaction carried out at 275 and 320° C (Hofmann & Groll 1930) was claimed to give ferroso-ferric oxide, cementite and an unknown substance previously formed in the decomposition of Fe(CN)2 (Brill & Mark 1928) . Bahr & Jessen (1933) obtained no oxygen-free products by carbon monoxide tre a t ment of iron oxides, but the reaction with iron below 330° C gave oxygen-free pro ducts containing more than 7*4 wt. % C (calculated for Fe3C : C, 6-69; for Fe2C : C, 9-71). They concluded th a t a carbide approaching the composition Fe2C was probably formed below 225° C. Hagg (1934) confirmed the results of Bahr & Jessen and obtained products, the X-ray powder photographs of which showed a series of reflexions apparently due to Fe2C, although no evidence for this composition is given. Faint reflexions due to cementite and ferroso-ferric oxide always persisted, but the relative intensities of the new lines remained constant. The least impure specimen of Hagg's carbide was obtained by an inconveniently lengthy process; i.e. ferric oxide was reduced in hydrogen at 250° C for 45 days and the iron so obtained was treated with carbon monoxide a t 225° C for a further 18 days. The product was shown to contain more combined carbon than cementite, since, when heated in vacuo at 500° C, it decomposed giving cementite and carbon. Attempts to index the X-ray reflexions, which differed from those observed by Hofmann & Groll (1930) were unsuccessful. Hagg's sin2 6 values, converted from Fe K to Co Kcc X-radiation for comparison purposes, are listed in table 1.
The structure of cementite is completely established. After determinations of the unit cell (Westgren & Phragmen 1922) and the positions of the iron atoms (Hen dricks 1930), Lipson & Petch (1940) fouhd the positions of the carbon atoms and measured accurately the unit-cell dimensions of a specimen (containing a small amount of free carbon) prepared by passing carbon monoxide over ferric oxide at 550° C (Taylor, unpublished work). Hume-Rothery, Raynor & Little (1942) found th a t the cementite extracted from steel (C, 1*07; Mn, 0-5; Si, 0*1 %) had different unit-cell dimensions from th a t prepared by Taylor, but although Petch (1944) observed a regular variation, ascribed to differences in coniposition, in the cell dimensions of cementites formed a t different temperatures in a 1*8 % C steel, the results of Hume-Rothery et al. were unconfirmed. Moreover, the differences in unit-cell dimensions between cementite prepared from ferric oxide and specimens formed in steel at temperatures below 700° C were within experimental error.
The reaction of carbon monoxide with iron nitrides above and below 500° C (part II) provides new methods, probably the most convenient yet described, for preparing cementite and the higher carbide of iron. In the present paper, the carbides so obtained are compared with those prepared by previous methods. 
30-4J
The products of runs C 8, C 9 and CIO contain small amounts of carbonitrides in addition to y, but their total interstitial atom concentrations, 31-8, 31-0 and 29-9 atomic % respectively, are in agreement with the results for the pure carbide. The latter, now called iron percarbide, therefore appears to have a small range of com position which includes Fe20C9 (calculated for Fe20C9: C, 31*0 atomic %).
Observed sin2 0 values (Co K ar adiation) for the percarbide of concentration are given in table 1, where it is shown, by comparison of these values with sin2 6v alues observed by Hagg (1934) , th at iron percarbide and Hagg's 'Fe2C ' are probably identical phases.
Iron percarbide is also identical with the carbide obtained, together with free carbon, by passing carbon monoxide over ferric oxide at temperatures below 500° C (Taylor, private communication) . The ferric oxide is pretreated with ammonia gas, but at temperatures sufficiently low for no apparent chemical reaction to occur. All X-ray reflexions from the percarbide may be indexed on the basis of an orthorhombic unit cell of dimensions a, 9-04(3); 6, = *j3.a, 15-66(3); c, 7-92(1)kX.
Because of the simple relationship between and 6, indexing is more easily carried out when referred to a hexagonal unit cell of dimensions a ' = 2a, 18-08(6); c' = c, 7-92(1)kX.
The indices given in table 1 refer, therefore, to this hexagonal unit cell, the volume of which is twice the volume of the orthorhombic cell. The possibility th at the true unit of structure may be monoclinic or triclinic cannot be disregarded, in which case its determination from a powder photograph is virtually impossible. If the orthorhombic cell contains four formula weights, i.e. 80 iron atoms and 36 carbon atoms, then the calculated density (7-2g./cm.3) and the density found for a powdered specimen (7-0g./cm.3) are in reasonable agreement, since errors of measurement may be expected to give a low value. Table 1 shows th a t observed sin2# values for high-order reflexions from the percarbide C 12 differ slightly from the values from C 11. Since the latter contains less carbon than the former, the X-ray evidence agrees with the analytical results in indicating th a t iron percarbide has a small range of composition.
Cementite
The photograph of cementite, containing a small amount of free carbon and obtained by the action of carbon monoxide for 14 min. on Fe2N at 700° C, is shown as number C 14 (plate 2, part II). The unit-cell dimensions a, 4-5153; 6, 5-0782; c, 6-7295kX are, within experimental error (0-0005 kX), in agreement with those found for cementite formed in steel below 700° C (Petch 1944) and for cementite obtained by the action of carbon monoxide on ferric oxide (Lipson & Petch 1940) .
There is no evidence th a t nitrogen is able to replace carbon in the cementite structure, even under most favourable conditions, i.e. in its preparation from iron nitrides (cf. Petch 1944).
